SUMMARY Six-hundred-and-eighty-two women volunteers from four ethnic groups-Black, Indian, Oriental and White took part in a study to assess differences in haematological indices between the groups. This study was part of a broad investigation into the metabolic effects of oral contraceptives. The effect of the oral contraceptive (OC) on haematological indices was analysed but not found to be significant. The haemoglobin concentrations were lower than normal laboratory reference values for White subjects in 12-5% of Indian, 16-5% of Black and 4-3% of Oriental control groups respectively. All the White control group were within the normal range. These findings were considered in relation to age, weight, pregnancies, smoking, alcohol consumption, nutritional status, and disorders of haemoglobin synthesis.
In connection with an investigation into the metabolic effects of oral contraceptives in women of different ethnic groups, we became aware of a high proportion of low haemoglobin concentrations in our Black and Indian populations. If these results are taken as diagnostic for anaemia in Blacks and Indians, then we are confronted with a considerable health problem. However, it may be that the levels we observed are appropriate for healthy Black and Indian individuals.
The majority of laboratories in this country base their normal ranges on a predominantly White population. In investigating individuals from other ethnic groups such as the Black, Indian and Oriental populations now present in any large city in the UK, use of criteria based on White populations for assessing normality may be misleading.
Published studies of haematological differences between ethnic groups living in the same community are scarce. The most exhaustive studies have been between American Blacks and Whites. Analysis of data from two major nutritional surveys'`3 showed a Accepted for publication 25 August 1982 184 mean haemoglobin (Hb) level in Blacks 1 g/dl less than in Whites. This difference was independent of age, economic level, nutritional status, and geographical area and has been confirmed in subsequent studies. [4] [5] [6] The possible contribution to these findings of inherited defects in Hb structure or deficiencies in Hb synthesis does not appear to have been extensively explored. A defective Hb characteristically associated with Black populations is HbS, which is present as a trait in 15% of Blacks but does not have any significant effect on haematological indices. However, non-fatal inherited diseases of Hb synthesis, classified under the thalassaemia syndromes, may be present in one-third of the Black populations,78 and may significantly affect haematological indices .9 Comparative studies between Indians and Whites are scarce. A high incidence of anaemia is believed to occur in Indian women as immigrants to the United Kingdom and the few studies that have been carried out suggest a nutritional origin for this anaemia. '°" contribute to differences in haematological indices between Indians and Whites.
Our study also included a group of Oriental subjects. Available evidence suggests no significant differences in the haematological indices between Orientals and Whites68 although inherited disorders of globin chain synthesis do appear to be widespread.
The data we have analysed were derived from an investigation into the effects of the OC in women of different ethnic groups. The OC has been shown to change significantly parameters likely to affect haematological indices, 2 but studies demonstrating this have only involved White women. Therefore, in assessing the effects of the oral contraceptive in other ethnic groups, an evaluation of haematological differences is essential, and a comparison of haematological indices in OC users and non-users in each ethnic group is included in the following study.
We have considered observed haematological differences between different ethnic groups with regard to possible contributing or causative factors. Age, weight, pregnancies, smoking, alcohol intake, incidence of infection or infestation, disorders of haemoglobin synthesis, iron status and general nutrition and dietary history were analysed for each ethnic group. With regard to iron status, serum ferritin, iron and total iron binding capacity (TIBC) were measured on a sample from each group. Total protein, albumin, serum--calcium, phosphate and alkaline phosphatase, as well as dietary information, are considered with reference to general nutrition.
Subjects,and methods
The majority of women in this study were volunteers responding to a printed circular. Women were grouped as Black, Indian, Oriental and White. To be included' in a group, each subject had to have at least three grandparents belonging to that group. In the Black group, 50% were from the West Indies, 30%
were from Africa and 20% were born in the UK of West Indian parents. In the Indian group, 35% were from India and Sri Lanka, 7% from Pakistan and Bangladesh, 42% from East Africa and 11% from the West Indies. Orientals came from the Far East and South East Asia and Whites were predominantly from the UK. Women were further divided into control groups if they had not taken the oral contraceptive for at least three months prior to the study, and OC groups if they had been taking the OC for three months or more.
Subjects attended a day investigation unit, where a medical and dietary history was taken. Blood was taken between 0900 and 0930 h, after a 12 h fast. To standardise the effect of posture on plasma volume dependent variables,'I subjects were semirecumbent for 30 min prior to blood sampling. Blood was obtained without stasis, from an in-dwelling venous cannula. Full blood counts were performed on a Coulter Counter, Model S, maintained within quality control limits using Coulter reference control 4C and an in-house QC preparation. The following indices were considered: MCV, RBC, PCV, Hb, MCH, MCHC and white cell count (WBC). Erythrocyte sedimentation rate (ESR) was measured (Westergren) and Blacks were screened for sickle cell trait by haemoglobin electrophoresis. An SMA screen was carried -out for each subject, and parameters considered in this study are serum total protein, albumin, calcium, phosphate and alkaline phosphatase, each by standard Technicon methods. Serum ferritin was measured by a specific radioimmunoassay (Beckton & Dickinson, Product No 241130) . Serum iron was measured by bathophenanthroline without deproteinisation (Boehringer, Mannheim, Product No 124222) and TIBC by magnesium carbonate precipitation (Boehringer, Mannheim, Product No 125806) . Transferrin saturation was calculated by the serum iron expressed as a percentage of the TIBC.
Women were excluded from this study if they were already under treatment for any previously diagnosed disease. Women with ages outside the reproductive age range of 16-45 yr were also excluded. To assess differences in weight between different ethnic groups, weights were expressed as a percentage of each individual's ideal body weight.'6 Percentage ideal body weight (% IBW) was taken as an expression of the height, weight, age relationship in each individual. Those with % IBW of greater than 150% were excluded from the study. Subjects with MCV less than 74 fl and RBC greater than 5 0 x 1012/1 were considered likely to have betathalassaemia trait and haemoglobin electrophoresis was carried out in these cases. Those with abnormally high HbA2 levels were excluded from the study. The numbers excluded are presented in Since half of our subjects were OC users, it was necessary to determine whether the OC was having an effect on the haematological parameters under investigation. Medians, total ranges and numbers for each index and age, % IBW and average number of pregnancies per woman in control and OC groups are presented in Table 1 . Also included is the significance of the difference between control OC groups for each parameter.
Numbers and percentages of women with low Hb in each control and OC group are presented in Table  2 . Incidence of low values in the control group as compared with the OC is 3% more for the Blacks, 6-4% more for the Indians, and 2-6% more for the Orientals. In the White groups, only one anaemic individual was found and she was in the OC group.
In considering haematological differences between the different ethnic groups it is immediately apparent Table 5 , and significant differences between the different groups are given in Table 6 . The lowest serum ferritin, iron and transferrin saturation, and highest TIBC were observed in the Indian group.
The percentage of individuals in each group with low serum ferritin, iron and transferrin saturation are also presented in Table 5 . Serum ferritin was considered to be abnormal at a value of -12O0 ng/l,'8 serum iron at -7 ,umol/l'9 and transferrin saturation at -15%.2O The Indian groups contained substantially more individuals in these categories than any of the other groups. The White controls had significantly higher Hb levels than the OC group, the only parameter associated with this difference was the number of pregnancies, but no correlation was found between this and Hb or MCV levels.
In the comparison of haematological data between the different ethnic groups, the most striking finding was the low Hb and MCV found in the Black and Indian groups. However, reference values derived from White populations may be inappropriate for our Black and Indian populations, where reference values may be lower as appears to be the case for American Blacks. This will only be so if the observed levels cannot be accounted for by any factor contributing to their incidence in one ethnic group rather than another. Such factors are age, weight, pregnancies, smoking, alcohol intake, nutritional status and inherited disorders of haemoglobin synthesis.
The effect of age on MCV is clearly demonstrated in men22 and may be so for women on OC.23 A weak positive correlation between age and MCV was found in our Black control and Mongolian control and OC groups, but there were no significant correlations in any other groups. There were no significant differences between the age distributions of the different ethnic groups.
The possible contribution of body mass to haematological differences between the races was difficult to assess. Percentage IBW was analysed to give an indication of the relation between weight, height and age. The Blacks in our study had the highest body mass for their age and the Orientals the lowest. Regression analysis showed that any effect of % IBW on Hb and MCV was negligible.
Women in each ethnic group had a significantly different number of pregnancies from those in each of the other groups. The number of pregnancies for women in this study ranged from 0-14, but possible effects on haematological indices associated with this parameter were discounted by the complete lack of correlation found between number of pregnancies and Hb and MCV.
There was a marked difference in smoking habits between women of different ethnic groups. Smoking has been shown to raise both Hb and MCV23 and could thus account for the comparatively high levels of both these indices found in our White group. We therefore divided those women for whom information on smoking habits had been obtained, into smoking and non-smoking groups. Both median Hb and MCV levels were consistently higher in the smokers of each ethnic group. Comparisons between the non-smokers, Hb and MCV levels for each ethnic group resulted in there no longer being a significant difference between the Orientals and Whites. Incidence of smoking failed to account for the differences observed between the Whites, and Black and Indian groups.
Regular alcohol intake occurred in all groups. Liver function tests showed no evidence of alcohol abuse in any of our subjects. However, even moderate alcohol consumption has been known to raise the MCV.22 Three quarters of both Blacks and Whites in our study took alcohol, yet the Black median MCV was low relative to that of the Whites. The small effect of alcohol on the MCV that has been demonstrated would not account for any ethnic differences observed.
Chronic infection is known to be associated with anaemia and intestinal infestation has been shown to be an aggravating factor in the high incidence of anaemia found in the Indian subcontinent.24 These conditions would be expected to be accompanied by an increased incidence of eosinophilia, raised WBC and ESR which were not found. The Black WBC was significantly lower than in the other three groups in agreement with other studies. 25 Disorders of haemoglobin synthesis vary in their distribution among different ethnic groups. Betathalassaemia has the greatest effect on haematological indices and subjects with this trait were excluded from this study. The alpha-thalassaemias are less severe in their haematological effects, but can still significantly affect haematological indices.9 The double gene deletion, alpha-thalassaemia 1, has been reported in 5 6% of Black Americans,7 whereas single gene deletion alpha-thalassaemia 2, may appear in up to 27-5% ,8 
